ABSTRACT
discussed a number of studies that have examined the role of agriculture in regional economies in recent years (Leones, Schluter, and Goldman) . Several approaches to the study of the contribution of agriculture to regional economies, especially at the state level, were discussed.
Especially popular was the use of inputoutput models for economic impact analysis of the contribution of agriculture to state economies. Leones, Schluter, and Goldman identified 14 states where input-output models were used to assess the contribution of agriculture to the economy. In 11 of the studies, the IMPLAN (IMpact PLANning) input-outThe authors are assistantprofessor and former graduate research assistant, respectively, in the Department of Agricultural Economics and Agribusiness, Louisiana State University, Baton Rouge. put model building procedure (see Alward et al.) was used to calculate the contribution of agriculture to state economic activity.
While the number of studies examining the contribution of agriculture was impressive, no studies were cited that discussed the contribution of agriculture to urban as opposed to rural economies. The absence of such studies is somewhat surprising. The majority of residents in most states live in urban communities. If educating the public about the importance of agriculture is the goal of these studies, then the contribution of agriculture to urban economies would be expected to be an important finding. For example, Robison and Meyer discussed the importance of spillover from rural areas into urban communities in Idaho. The authors made no effort, however, to quantify the contribution of agriculture to the economy of art urban area. Such studies have been very limited in number because in an input-output framework, discerning the urban versus rural location of economic impacts requires the construction of multiregion versus single-region models.
This deficiency in the literature is partly addressed here through the use of an interregional input-output model based on the Monroe, Louisiana, Functional Economic Area (FEA). The region contains rural parishes (counties) that have agriculture as an important part of the economic base.' A procedure pioneered by Hughes and Holland was used to construct an interregional input-output model based on the Monroe FEA. Results from the model were used to demonstrate the contribution of agriculture, especially in the outlying rural parishes, to economic activity in Ouachita Parish, in which the city of Monroe is located.2 The rural parishes in the region suffer from high rates of poverty and unemployment and a general lack of development. Hence, model results were also used to assess the possibility of using food processing sectors in the core as a means of facilitating economic growth in the periphery.
Central Place Core-Periphery and Growth Pole Analysis
Advocates of central place theory (Christaller) argue that within a region, communities can be ordered based on the effective demand for goods and services. This ordering ranges from villages and towns, where only the lowest-order economic activity exists, up to primary cities that are the main suppliers of higher-order services to the region, such as specialized health facilities and financial services.
An urban core surrounded by a peripheral rural region is an extension of the central place concept. A core is defined as an area within a ' Parishes in Louisiana are the same unit of government as counties in other parts of the U.S. 2The term ''nonmetropolitan" is equivalent to rnral and the term "metropolitan" is equivalent to urban in this discussion. Counties are designated as nonmetropolitan versus metropolitan based on census population and commuting data (U.S. Department of Commerce 1989 Commerce , 1993 .
region that determines the structure of the economy in the surrounding region (the periphery). The surrounding rural periphery is largely dependent on the central place for its supply of higher-order goods and services. As suggested by firm location theory, many periphery regions specialize in the production of goods in which they have a competitive advantage. Competitive advantage may be due to local natural resources or to inexpensive labor used in routine low-tech manufacturing. One could surmise that food processing and other industries that are dependent on local agriculture or other natural resource-based industries for inputs may locate in the core.3 But trade may also flow from the periphery to the core (Parr 1987) , or from the periphery to other national and international markets. For example, agricultural commodities might be shipped from a periphery to its urban core for further processing or consumption, or might be exported out of the region entirely. Hence, a testable hypothesis is whether core sectors dependent on agricultural products, such as food processing, have strong linkages with the periphery economy.
If these linkages are strong, the expansion of such sectors could imply growth in the periphery economy as well.
A theoretical construct related to central place theory is growth pole analysis, in which dynamic economic growth in an urban center positively influences economic activity in the surrounding periphery (Richardson) . A growth pole will usually be a dominant central place, in that it may supply a higher-order service, such as financial services, to the periphery (Richardson) . Growth in the periphery drives growth in the core by the concept of a nodal response (a reversal of core and peripherỹ A naturalresource-based industry, such as an agricultural processor, may wish to locate in an urban area that could serve as a distribution point, especially if the firm's output is more costly to transportthan the agricultural input. An agricultural processing firm may also opt for an urban location because of the presence of external agglomeration economies-increases in productivity resulting from the proximity of firms to each other-that may not be found in nearby rural areas.
roles in growth pole analysis), In the nodal response, core economic growth is based on increasing demand by a growing periphery economy for products primarily found in the core central place (Parr 1973) . The nodal response implies a relatively fixed pattern of trade between the core and periphery economies. A testable hypothesis is whether growth pole or nodal response tendencies can be expected to dominate. That is, does growth in the core economy provide greater benefits to the periphery than is provided to the core by periphery growth? Hughes and Holland found that periphery growth tended to spill over into the core from the periphery at a greater level than the converse. However, as compared to the region examined in this study, their model of the Washington state economy had a larger urban center (Seattle) as the core. The periphery (the rest of the state) used in their study also contained a number of smaller urban centers, unlike the periphery in the Monroe, Louisiana, FEA.
There is variation in the definition of regions and the variables that are used to define regions. In central place theory, the influence of the core extends outward over the periphery as a hexagonal area. The core area is identified as a regional growth center in growth pole theory, but no geometric structure or limitation is imposed on its area of influence. Advocates of location theory focus on firm location decisions to help explain the overall structure of a regional economy including core-periphery linkages.
Model Construction

Delineation
and Economic Slructure of the
Region
The area of study here is comprised of 10 parishes in the northeastern delta region of Louisiana known as the Monroe, Louisiana, Functional Economic Area (FEA). A region outlined in the Rand McNally rating system of "principal business centers" served as the starting point for the region and its core and periphery (Rand McNally Company) . This rating is based on commuter, trading, and shopping patterns. The city of Monroe, which is located in Ouachita Parish, has been assigned a 3-AA rating. The city was seen as a significant business and trading center for 10 adjacent or nearby parishes in Louisiana, and Ashley County in Arkansas.4
The original FEA was evaluated based on knowledge of the regional economy and journey to work data (U.S. Department of Commerce 1993). Based on journey to work data, Ashley County (Arkansas) was determined to have stronger economic linkages with El Dorado, Arkansas, a nearby regional trading center in south central Arkansas, than with Monroe. Also based on journey to work data, Catahoula Parish, in the southernmost portion of the original FEA, was determined to have stronger ties to Natchez, Mississippi, and to Alexandra, Louisiana, than to Monroe.
'llvo adjacent parishes to the west of Monroe-Jackson and Lincoln-were excluded from the original FEA, but were evaluated for inclusion in the revised Monroe FEA. Both parishes were part of the Shreveport-Bossier City urban area. Shreveport-Bossier City is a larger regional business center located less than two hours west on Interstate Highway 20, with a combined population of 250,755 in 1990 (over four and one-half times greater than the 1990 population of Monroe). Journey to work data for 1980 indicated more commuting in dollar terms from Jackson Parish to Caddo Parish (Shreveport) and Bossier Parish (Bossier City) than to Ouachita Parish (Monroe). Further, based on central place theory, the Shrevepofl-Bossier City economy was as-4 The Rand McNally rating system utilizes commuter patterns, total retail sales volume, shopping goods volume, and volume of wholesale activity in helping to determine FEAs. The number of major corporate headquartersis used in the rating system as well as total banking deposits. Sunday circulation of the local newspaper versus circulation of newspapers from other cities, and the amount of hospital services provided in the city are also used. For example, cities with a 3-AA rating have annuat sales in general merchandise and apparel stores of at least $100 million and a daily newspaper with a minimum circulation of at least 25,000. Because of the wide range of information on which it is based, the rating system was used as a starting point for determining the Monroe FEA. agriculture. Central place theory and observation suggest that such rural areas often rely on nearby urban communities for a number of goods and services. The importance of agriculture to the region and the nature of core and periphery relationships indicate that the region under study here would provide a laboratory for such areas in assessing the contribution of agriculture to an urban economy. The nine rural parishes in the region tend to be characterized by high unemployment, low educational attainment levels, and high poverty rates. The decline of agriculture and other area industries has led to a decrease in population for all parishes in the FEA during the 1980s, with the exception of the urban core, Ouachita Parish [Louisiana Department of Economic Development (DED)]. This fact suggests that former residents of adjacent parishes may have moved closer to the core or migrated out of the region. Unemployment figures in the area suggest a disparity between the core and periphery regions. In 1991, the unemployment rate in Ouachita Parish was 5.9'%. In comparison, for the same period, the nine rural parishes experienced unemployment levels ranging from a low of 8.1% in Union Parish (a parish adjacent to Ouachita) to a high of 23.2% in West Carroll Parish (Louisiana DED). Employment in the rural parishes is concentrated in agriculture or routine manufacturing. In contrast, five of the major employers (more than 500 employees) in Ouachita Parish are service sector firms (Louisiana DED).
An interregional core-periphery I-O analysis of the area would enable researchers to draw more decisive and categorical conclusions about the area and the relationship of interdependency that exists within the region, A core-periphery I-O model of the FEA would give policy makers a device for analyzing the utility of different approaches to facilitating rural development in the region. Such a model would also allow policy makers to assess the impact of changes in agricultural policy not only on the rural parishes in the area, but also on the urban area by assessing the indirect contribution of agriculture to the urban economy. Through the use of I-O analysis and certain primary and secondary data, a model of the regional economy in the Monroe, Louisiana, FEA was constructed to show the economic relationship between the core and its periphery.
The IMPLAN model was developed by researchers at the U.S. Forest Service to facilitate construction of regional input-output models starting at the parish level (Alward et al.) . Using IMPLAN, one model was constructed for the core, a separate model was constructed for the periphery, and a third model represented the region as a whole. The core model consisted of Ouachita Parish, the periphery model was comprised of the remaining nine parishes in the region, and the regional model included all 10 parishes. The three models were used to build an aggregate interregional I-O model with intraregional and interregional trade.
The interregional model represents trade between industries within the region and is comprised of eight blocks, as shown in figure  2 . The first block is the core IMPLAN singleregion I-O model for Ouachita Parish and contains the usual fixed-proportion, regional input coefficients (Miller and Blair) representing core industry use of core industry production. The fourth block is the periphery single-region I-O IMPLAN model for the nine rural parishes in the Monroe FEA where the fixed input coefficients represent periphery industry use of periphery industry production. Both the first and the fourth (diagonal) blocks were derived from IMPLAN models of the core and periphery economies. Each block was generated separately in the appropriate IMPLAN model, and then read into the Matrix Transformation Systems (MATS) software program,
The second and third (off-diagonal) blocks are the industrial interregional trade matrices. The second block depicts periphery industry use of core industry production as fixed-proportion import coefficients. The third block represents core industry use of periphery industry production as fixed-proportion import coefficients. The fifth block shows sales by core industries to periphery final demand. The sixth block shows sales by periphery industries to core final demand. The core model, periphery model, and regiomd model together are used in estimating the second and third blocks as well as the fifth and sixth blocks in a process described in the next section. The seventh block shows labor purchases by core industries. Contained in block 7 are three rows. The first row shows the level of purchases by core industries of labor from workers residing in the core. The second row shows purchases by core industries of labor from workers residing in the periphery (peripher y-to-core commuters). The eighth block shows both labor purchases by periphery industries from periphery residents and from workers living in the core (core-to-periphery commuters). The third row in both blocks 7 and 8 shows payments by core or periphery firms to workers residing outside of the Monroe FEA. Such payments are properly characterized as leakages outside of the Monroe FEA economy.
Construction of Znterregional Trade Matrices
Aggregate commodity trade flows played an important role in determining the coefficients in the core-periphery trade blocks 2 and 5 and blocks 3 and 6 in figure 2. Commodity trade between the core and the periphery was estimated based on a procedure involving the construction of three regional models. As discussed in the appendix, estimates of domestic exports and domestic imports from IMPLAN models of the core economy, the periphery economy, and the entire Monroe FEA were used to estimate core-to-periphery and periphery-to-core commodity trade flows. The estimates of core-to-periphery and periphery-to-core trade by commodity formed control totals for the model blocks 2 and 5, and for the model blocks 3 and 6 in figure 2. It was necessary to translate commodity trade into industry trade because IMPLAN produced industry-by-industry input-output models for the core-to-core (block 1) and periphery-to-periphery (block 4) portions of the model. The industry X commodity market share matrix in the shipping region was used to change commodity trade values into industry terms using the MATS software package. Or, by letting M represent the industry X commodity market share matrix (IMPLAN Report .104) in the shipping region, and C the vector of commodity trade values, we obtain
where T is the vector of interregional trade as industry values.5 5The make matrix is an industry X commodity matrix, and shows the level of commodity production by each industry. (Refer to the appendix for a discussion of the distinction between commodities and industries,
For the subregion receiving the trade, the industry-by-industry flow table (IMPLAN Report .402), augmented by the set of final demand vectors excluding all exports, was used to distribute the industry trade values in T among all industry and non-industry users. For periphery-to-core trade, this distribution requires the assumption that core use of commodities imported from the periphery follow the same pattern as consumption of commodities produced in the core. For example, assume the periphery shipped electricity to the core. If 10$1oof core-generated electricity was consumed by core food processing, then 10?io of periphery electricity traded with the core would also be consumed by core food processing. The augmented flows matrix was row-normalized, resulting in the matrix R that showed the percentage distribution of consumption of traded goods among all industries and consumers in the receiving region. The vector T was diagonalized to form * to maintain the proper dimensions. Multiplying~and
where B represents industry trade block 2 and consumer trade block 5 in figure 2 for coreto-periphery sales, and industry trade block 3 and consumer trade block 6 for periphery-tocore sales. Validity of model results is dependent on the accuracy and stability over time of the fixed trade coefficients in both of the off-diagonal blocks. For example, assume a particular core industry purchases one cent worth of or see Miller and Blair, chapter 5.) Normalizing the matrix by its row total results in the industry X commodity market share matrix (Miller and Blair) , which shows the distribution of commodity production by industries in percentage terms. Hence, multiplying the vector of trade variables by the market share matrix in the producing region translatescommodities trade into industry trade. The vector of trade values C from the core to the periphery was made to conform to the core market share matrix. Hence, the vector was a 457 X 1 vector, with 68 positive-valued elements and all other elements valued at zero. For periphery shipments to the core, the C matrix was a 433 X 1 vector, with 53 positive-valued elements.
output from a given periphery industry per dollar of production. An increase in output by the core industry is predicted to result in a proportional (lYo) increase in sales by the periphery industry to the core industry. Several years of data on trade between the core and periphery for hospital services revealed that trade in this important commodity was stable over time (University of New Orleans). Hence, the model was assumed to be a reasonably accurate portrayal of core and periphery economic linkages in the Monroe, Louisiana, FEA.
Accounting for Commuting
Similar to commodity trade, workers may also commute between a core and its periphery. Cross-regional commuting was calculated based on journey to work data for 1980 and 1990 provided by the Regional Economic Information System on CD-ROM (U.S. Department of Commerce 1993). For workers in all parishes in the Monroe FEA, the data contained the parish of residence, number of workers, and average salaries by one-digit Standard Industrial Classification (SIC) code. For each one-digit SIC category, the total wage bill for periphery residents commuting to core jobs was calculated by multiplying the number of periphery-to-core commuters times the average salary. The total wage bill for periphery-to-core commuters was then divided by the estimate of total core place of work labor compensation for each one-digit SIC category. The result was an estimate, for core industries in each of the one-digit SIC categories, of core-to-periphery labor payments as a percentage of total labor payments. The percentages were then applied to all IMPLAN industries in the appropriate one-digit SIC category to provide an estimate of payments to periphery workers by all core industries in the model. These values were normalized by core total industry output to obtain fixed peripheryto-core labor input coefficients (row 2 in block 7, figure 2). The method is based on the assumption that commuting patterns by workers in all industries in a given one-digit SIC category were the same. For example, core fer-tilizer manufacturing and electronic equipment manufacturing were assumed to have the same percentage of labor payments to periphery workers. The same method was used to estimate payments by periphery industries to workers residing in the core on a per unit basis (row 1 in block 8, figure 2).
The method was also used to calculate payments to core and periphery workers residing outside of the Monroe FEA (row 3 in block 7 and block 8, figure 2). As Rose and Stevens argued, payments to workers not living in a region should be treated as leakages of income outside of the region. Therefore, wages paid by core and periphery industries to workers residing outside of the Monroe FEA were assumed to support household spending elsewhere. That is, worker spending was assumed to be concentrated where they lived (outside the Monroe FEA) rather than where they worked (inside the Monroe FEA). As a result, payments to individuals working in the Monroe FEA but living elsewhere were excluded when the model was closed with respect to households (i.e., row 3 in block 7 and block 8 was excluded).
All elements in the core and periphery regional household demand vectors were uniformly adjusted downward by the appropriate percentages to account for the estimated total leakage of labor income in the core and the periphery. The estimated total leakage of labor income was 1.76% across all core households and 1.78% across all periphery households. Therefore, the household consumption vector for the core was multiplied by 1 minus .0176, while the periphery household consumption vector was multiplied by 1 minus .0178. The resulting household consumption vectors were based on the assumption that the reduction in the estimate of purchases by regional households was proportional across industries.
Model Results
Central place theory, growth pole analysis, and nodal response analysis all suggest an inherent interdependence in the core-periphery relationship. The basis of this interdependency is manifested in the types of goods and services traded between the two subregions. A core area should provide higher-order services to its periphery area. The periphery, in turn, may supply natural resource-oriented goods and other commodities to the core. Such an interrelationship is important for determining the strength and the nature of direct and indirect linkages between agriculture in the periphery and the overall core economy.
Interregional Trade Estimates
Total core domestic commodity export (both to the periphery and the rest of the U. S.) was Note: Only core commodities with at least $500,000 and periphery commodities with at least $100,000 in trade are
shown.
lion were also important elements in core-toperiphery trade. Other types of shipments from the core to the periphery were not notable with the exception of selected commodities. Trade in natural resources was almost entirely concentrated in natural gas (41), representing $13.2 million in core-to-periphery shipments. Core-to-periphery trade in manufactured goods was concentrated in the sale of fluid milk (90) at $7.9 million, and fertilizer manufacturing (216) at $8.6 million (table 1). Given the importance of agriculture in the periphery economy, core-to-periphery shipments of fertilizer were indicative of regional economic interdependence.
In contrast, periphery-to-core trade was primarily concentrated in manufacturing, oriented toward local natural resources, or in the natural resource-based products themselves (table 1). The concentration of this trade in agriculture and natural resource-oriented manufacturing was consistent with a priori expectations based on location theory. Commodities shipped from the periphery to the core included specialized resource-based commodities such as ranch fed cattle (3) at $2.4 million, and natural gas liquids (43) at $10,05 million. One should note, however, that periphery agricultural production was concentrated in cotton and oilseed crops. Neither of these commodities was shipped from the periphery to the core. Rather, both were produced for national and international markets. Sawmills and planing mills (161) at $10.1 million, and logging camps and logging contractors (160) at $9.1 million represented major portions of peripher y-to-core trade. The two natural resource-oriented manufactured commodities accounted for 31 % (or $19.2 million) of the commodities shipped from the periphery to the core region. Even periphery-to-core trade in the service-oriented commodities tended to have a natural resource orientation, such as trade in gas production and distribution (457) at $2.01 million, and pipelines/not natural gas (45 1) at $1.7 million.
Multiplier Analysis
The core-periphery input-output model of the Monroe, Louisiana, FEA (presented in figure   2 ) was aggregated to form 57 industries in the core and 57 industries in the periphery in a tion, while returns to capital and other components of value added do not. Each column of the Leontief inverse that was closed with respect to households was summed to derive the total multiplier (direct, indirect, and induced) effect of a change in output for each core and periphery industry on the entire regional economy. The total type II multipliers for selected industries in the core and in the periphery are reported in tables 2 and 3.6
The range of total output multipliers for the entire Monroe FEA for core industries was from $1.495 to $2.955. In contrast, the range of total output multipliers for the Monroe FEA for periphery industries was from $1.475 to $2.919. Regional output multipliers for the three production agriculture sectors [livestock products (1), cotton (2), and other agriculture (3)] and the four food processing sectors [other food products (7), fluid milk (8), soft drinks (9), and cottonseed oil mills (10)] were not especially large in either the core or the periphery. For example, fluid milk (8) in the core had the third smallest output multiplier among all core industries. An exception was found in the core's other agriculture (3) sector, which had a larger than average output multiplier of $2.372. The periphery sectors of cotton (2) and other agriculture (3) both had output multipliers that were larger than the average across all periphery industries.
Some natural resource-oriented manufacturing industries in both the periphery and the core displayed strong backward linkages in the Monroe FEA (as seen in tables 2 and 3). For example, the core sector of sawmills and planing mills (14) had the seventh largest output multiplier among all core industries. Likewise, the periphery's lumber and wood products (15) generated $2.660, and sawmills and planing mills (14) generated $2.785 within the bMultipliers provided in tables 2 and 3 are purely output multipliers; that is, both labor income rows in the Leontief inverse were excluded in summing the columns of the Leontief inverse. Multipliers for all core and periphery industries are provided in Hughes and Litz. 
Core-Periphery Interregional Linkages
The Leontief inverse matrix (l-A)-l of the interregional I-O for the Monroe FEA contained two intraregional sections and two interregional sections. These sections correspond to the blocks depicted in figure 2 . The intra-(within) regional sections are represented by blocks 1 and 4 in figure 2 , and the inter-(between) regional trade sections are depicted by blocks 2 and 3. The coefficients in block 1 denote the total intraregional change in output for the core industry represented in the row for a dol- Note: Other Food Products(7) was the only food processing sector in the periphery.
Iar change in sales for the core industry represented in the column. The coefficients in block 4 represent the intraregional multiplier effects between periphery industries. The other two sections of the Leontief inverse matrix represent interregional core-peripher y linkages. For the section with core industries in the column and periphery industries in the row (block 3, figure 2), coefficients indicate the total change in output for the periphery industry given a dollar change in final demand for the core industry. In the other interregional block (block 2, figure 2), the roles are reversed, with coefficients showing the total change in output for core industries from a dollar change in periphery industry final demand. Any given column in the Leontief inverse matrix can be divided into a core section and a periphery section that are both summed to obtain the intraregional and interregional multipliers.
A related concept is the spillover coefficient, which is the portion of secondary effects that spill over into another region from the region of origin (Hamilton and Jensen) . It is calculated as the impact on all industries in the secondary subregion (the interregional multiplier) from a change in final demand in an industry located in the primary subregion divided by the total indirect regional impact (the total multiplier across both subregions minus the one dollar direct change in output). For example, a dollar increase in final demand for products for the core's livestock products (1) industry impacted the entire region by $1.90, with $1.80 of the effect in the core and $0,10 of the effect in the periphery (table 2). The spillover coefficient in this case is the interregional multiplier ($0. 10) divided by the total secondary effect ($0.90), or 0.1075. This value suggests that 10.8% of all regional indirect impacts from the core's livestock products (1) industry was predicted to spill over into the periphery economy. Thus, the spillover coefficient provided a measure of interconnection between the core and periphery economies.
Spillover coefficients were calculated between the core and periphery for selected sectors (as reported in tables 2 and 3). These results confirmed the hypothesis that interregional effects from the core to the periphery were generally less than interregional effects from the periphery to the core per dollar change in sectoral output. Of the 44 industrial groups existing in both the core and the periphery, only two core industries-sawmills and planing mills (14) and lumber and wood products ( 15)-had a larger coefficient than their counterpart industries in the periphery. Spillover effects from the core to the periphery ranged from 0.066 to 0.405, whereas spillover effects from the periphery to the core ranged from 0.308 to 0.524. Thirty-six of the 47 periphery industries (77%) had spillover coefficients that were greater than 0.40, suggesting strong direct and indirect linkages with the core.
The nature of backward linkages from the periphery to the core for the three periphery agricultural production sectors was analyzed because these sectors were important to the periphery economy. Cotton (2) had an interregional multiplier of $0.481, which was the thirtieth largest interregional multiplier among all periphery industries. Part of this effect was concentrated in core fertilizer manufacture (23) and core crude oil and natural gas (5). But the majority of interregional impacts for cotton were felt in core service sectors such as finance and insurance (46) and business services (49), or in core consumer-oriented services such as retail trade (45), eating and drinking places (50), and hospitals (54). Strong interregional linkages to core sectors, such as finance and insurance (46), were partly due to direct links from periphery cotton (2) to business services in the core. But the majority of interregional impacts from periphery cotton production were based on the induced effects of household spending.
Analysis of interregional multipliers for the four core food and fiber processing sectors provided mixed results as to their potential for core food processing sectors to serve as a device for facilitating economic growth in the periphery. On the one hand, larger than average spillover coefficients for the core sectors of other food products (7) and fluid milk (8) indicated strong backward linkages to the periphery as a percentage of the total effect of a dollar change in output. But because all of the food processing industries had small total output multipliers, changes in output did not translate into large changes in output in the periphery economy as measured by the interregional multiplier. For example, core other food products (7) had an interregional multiplier of only $0.108, which ranked twentyeighth among all core industries. Core fluid milk (8) had the largest interregional multiplier among all core food processing sectors at $0.114.
Zmpact Analysis
Impact analysis is a useful tool for determin- Changes in output were converted to employ-ment and labor income changes for each industry by multiplying the industry total output changes by the industry job-to-output ratio, and by multiplying the industry output changes by the industry labor income (employment compensation plus proprietors' income) to output ratio.
Total effects measure the direct, indirect, and induced effects of an economic shock to a particular industry. Direct effects are a measure of the direct change resulting from an increase in economic activity. The indirect effect measures the increase in economic activity required to support that change when the effect of household spending is excluded. Induced effects refer to the change in demand across all industries within the entire region when the impacts of changes in household spending are included. Spillover effects represent the percentage of industrial output that is generated within the region, but outside of the subregion, in which the economic shock is initiated. Therefore, spillover coefficients provide an estimate of the relative effects of the shocks on the economy of the other subregion.
To assess the contribution of agriculture to an urban economy, a detailed breakdown of the effect on both the core and the periphery of a 10~o ($29.237 million) increase in final demand for the periphery agricultural industries is reported in table 4. Included in the table are estimates of the change in total gross output, labor payments, and jobs for selected sectors in the core and in the periphery. The 10% change in final demand for the three periphery agricultural industries of livestock products (1), cotton (2), and other agriculture (3) caused marked effects in the periphery economy. Gross industrial output in all periphery sectors was predicted to increase by $52.06 million. Changes of $18.446 million in labor income and an increase of 1,285 jobs were also predicted. These changes would represent a 2.1 YO increase in total periphery labor income and a 3% increase in total periphery employment.
Periphery impacts were predicted to be concentrated in agriculture and in service industries. For example, the agriculture shock was expected to produce 907 jobs, representing $10.360 million in labor payments, in the three agriculture industries alone (table 4) . Employment creation outside of agriculture was concentrated in service industries. The 10% increase in periphery agriculture demand was predicted to create 349 jobs, $16.761 million in gross output, and $7.451 million in labor payments in periphery service sectors.
The impact analysis indicated that agriculture made a substantial contribution to the Monroe economy. Total changes in the core economy from the periphery agriculture shock were 290 jobs, $6.660 million in labor income, and $14.254 million in gross output (table 4) . These changes represented a 0.590 increase in total core jobs and a 0.3% increase in core gross output. Core changes in output, income, and jobs were concentrated in service industries. Of the 290 jobs created in the core from the agriculture shock, 271 jobs, representing $6.107 million in payments to labor, were found in the core service industries. Five core service sectors were predicted to experience changes of over $1 million in gross output, as shown in table 4. These sectors included retail trade (45), with a change in gross output of $1.527 million; finance and insurance services (46), with the largest change in gross output of $2.060 million; real estate and rentals (47), reflecting a change of $1.779 million; eating and drinking places (50), with a change of $1.043 million; and hospitals (54), with a notable $1.048 million increase in gross output and the creation of 27 jobs and $0.742 million in labor income.
A number of core service sectors-including the previously mentioned finance and insurance services (46), eating and drinking places (50), and hospitals (54)-experienced a greater change in final demand from the agriculture shock than did the same industries in the periphery (table 4) . Gross output in these core service sectors exceeded gross output in the same periphery service sectors by 104%, 84%, and 122?Z0,respectively, Results from the periphery agriculture shock were consistent with central place theory, which predicted that smaller communities will only partially meet local demand for services.
A 105ZOincrease in final demand for the three production agriculture industries in the core was also examined. The total direct effect on the core economy of the agriculture scenario was $2.492 million, $1.049 million in labor income, and 82 jobs. The total indirect effect in the core economy was $2.846 million in gross output, $1.267 million in labor income, and 58 jobs. The spillover coefficient to the periphery of the core agricultural scenario was 0.0901. Total, purely secondary changes in the periphery were $0.282 million in gross output, $0.123 million in labor income, and six jobs. The total effect of the 10% increase in demand for core agriculture products on the entire Monroe FEA economy was $5.620 million in gross output, $2.439 million in labor income, and 147 jobs.
Total changes in gross output, labor income, and jobs under the core agriculture shock were added to the same totals for the periphery agriculture shock to provide an estimate of the total contribution of production agriculture to the entire Monroe FEA. Projected changes in the entire Monroe FEA economy were $71.931 million in gross output, $27.545 million in labor income, and 1,722 jobs. The projected percentage increase in total gross output in the Monroe FEA econ-
omy was l.1%, the percentage change in Monroe FEA total labor income was 1.2%, and the projected percentage change in total employment in the Monroe FEA was 1.790. To place these numbers in perspective, total unemployment for the entire region was 8.7% in 1991 (Louisiana DED). If all jobs were to go to regional residents, a 10~0 increase in final demand for primary agricultural products would be projected to reduce regional unemployment by 19.2%.
Comparisons were also made on the distribution between the core and the periphery of the total effect of the two agricultural shocks without distinguishing between direct and indirect effects. Model results showed that despite the much smaller direct impact in the core of the combined effect of the two agricultural shocks, total impact in the core was still substantial. Total change in gross output in the core economy was $19.592 million, or 27.2% of the total Monroe PEA change in output. Total change in labor income in the core was 32.6?Z0 of the total change in the Monroe FEA, or $8.976 million. Total change in core employment was 430 jobs, or 259i0 of the total change in employment in the Monroe EEA, For the nine-parish periphery economy, total change in gross output was $52.339 million, which was 72.8!Z0 of the total Monroe FEA change in output. Total change in periphery labor income was 67.49Z0of the total change in the Monroe FEA, or $18.569 million. Total change in employment in the periphery was 1,292 jobs, which translated into 75?Z0of the total change in employment in the Monroe FEA.
A core food processing impact scenario was used to evaluate the possibility of using food and fiber processing in the core as a means of facilitating growth and development in the periphery. The scenario consisted of a 100% increase in final demand for the four core food processing sectors.7 7As pointed out by an anonymous reviewer, this impact scenario is based on the assumption that the composition of the core food processing sector would not undergo a significant change. This is an important limitation because a large increase in the core food processing sector could be due to a new facility, such as a swine processing plant. For a new facility, asModel results provided mixed evidence concerning the use of the core food processing sector as a means of inducing economic growth in the periphery. On the one hand, the spillover coefficient for the food processing impact scenario was 0.1267 for output and 0.1406 for jobs, indicating that over 14% of the change in secondary employment occurred in the periphery. As shown in table 5, job creation in the periphery was concentrated in livestock products (1) with 12 jobs, and retail trade (45) with eight jobs. However, total changes in economic activity in the periphery as a result of the increase in food processing in the core were not pronounced. Total periphery employment was projected to increase by only 44 jobs, while total gross output in the periphery economy was projected to change by only $1.99 million. Growth in the core economy was not large because spillover from the core food processing shock tended to leak out of the entire Monroe FEA at a high rate. For example, the total indirect change in the core economy was only 267 jobs. Further, the direct change in the core food processing sectors was not especially large, even with a 1009Io increase in sales to final demand.
Summary and Conclusions
Many rural development issues can be addressed through the examination of linkages between rural and urban areas. An interregional, core-periphery input-output model was used to assess economic linkages between an urban core, Ouachita Parish, and a nine-parish rural periphery in the Monroe, Louisiana, Functional Economic Area (FEA). The IM-PLAN model building procedure was used to estimate trade between the core and the peripher y in the FEA and to construct the inputoutput model based on a three-region approach pioneered by Hughes and Holland. Model results in terms of trade relationships, multiplier analysis, and impact analysis were sumptions about the relevant industry's production function, linkages with the periphery, and use of local versus imported inputs would need to be closely examined. used to examine core-periphery economic linkages.
Model results were consistent with central place theory and firm location theory in that the core provided mainly higher-order services to the periphery (such as medical services), while the periphery tended to provide the core with natural resource-oriented commodities. Multiplier and impact analysis also confirmed expectations in that spillover effects from the periphery to the core were much larger than spillover effects from the core to the periphery.
Model results were used to estimate the contribution of production agriculture to the Monroe FEA. Agriculture in the periphery was seen as making a substantial contribution to total economic activity in the urban core. Periphery agriculture was shown to especially contribute to economic activity in core service industries. Development of food and fiber processing industries in the core was examined as a device for facilitating growth in periphery agriculture and in the periphery economy in general. The spillover to the periphery economy from growth in core food processing was not small in terms of the percentage of total im-pacts that went to the periphery as opposed to the core. But the absolute gain in periphery economic activity from growth in core food processing was not large. Increases in the periphery were limited because core food and fiber processing had small multiplier effects in the Monroe FEA as a whole, as measured by the total output multipliers. Further, core food and fiber processing was not an especially large part of the core economy. A substantial percentage growth in final demand did not translate into large changes in output in either the core or the periphery economies.
Input-output analysis only sheds light on the strength of backward linkages. In this case, an interregional input-output model was used to examine backward linkages between an urban core and its rural periphery. Input-output analysis does not include examination of the market potential and other factors influencing the profitability of a given sector. Hence, if core food and fiber processing were to be used as a means of strengthening rural-urban linkages and facilitating growth in their periphery, feasibility analysis would be required to assess potential output markets and firm profits.
The usefulness of this model as a rural development policy tool can also be extended by including an industry occupation matrix. Such a matrix would allow researchers to examine the match between growth in the demand for labor by firms in the core economy and in the periphery economy with the job skills of residents of both subregions. Projections could then be made to ascertain whether increases in employment could be expected to go to current residents, and hence help alleviate rural poverty and underemployment in the region, or whether jobs could be expected to go to commuters and in-migrants.
Finally, a model of this type could be used to examine the potential of other industries, such as forest products and oil and natural gas for the Monroe FEA, as a way to facilitate rural economic growth. A core industry that would facilitate growth in the periphery would be expected to have strong direct linkages with a primary commodity produced in the periphery. 
